Introduction
Endocytosis appears to be one of the major activities of the uterine epithelium of rats and mice before implantation and is under the control of ovarian hormones (Vokaer, 1952; Sartor, 1969; Enders & Nelson, 1973 ;  Parr & Parr, 1974 ,1977  Leroy, Van Hoeck & Bogert, 1976) . Little is known about the function of endocytosis by the uterine epithelium, but the coincidence of endocytosis with the arrival of the blastocysts in the uterus and its cessation at implantation suggest a role related to the biology of the free blastocysts, e.g. nutrition (Parr & Parr, 1974) . It has also been suggested that endocytosis may aid apposition of the blastocyst to the luminal epithelium by removing water from the lumen, pass information from the blastocyst to the stroma, or diminish the molecular contents of the uterine lumen during specific times in the reproductive process (Enders & Nelson, 1973) .
The purpose of the present investigation was to study the uptake and fate of the ingested material, and in particular to determine whether it could be transported across the epithelial cell and released at the basement membrane, thereby providing a mechanism for the transfer of information from the uterine lumen to the underlying stroma.
Materials and Methods
Virgin albino female rats, 60-100 days old and weighing 220-300 g, were obtained from the Adelaide University Central Animal House. The animals were mated and the day on which spermatozoa were found in the vaginal smear was designated Day 1 of pregnancy. At various stages of pregnancy the rats were anaesthetized and 50 µ of a 5 % (w/v) solution of ferritin (Nutritional Biochemicals Corp., Cleveland; purified by centrifugation, Parr & Oei, 1973) in medium 199 was injected into the lumen of one uterine horn. After 20 min the ferritin was thoroughly washed out by flushing with 1 ml of a 0-9% (w/v) NaCl solution from the ovarian to the cervical end. The animals were killed at various times thereafter.
Light microscopy
The ferritin-treated and control uterine horns were removed, cut into small segments, freeze-dried and fixed in formaldehyde vapour (Pearse, 1968) or fixed by immersion in 10% formalin in 0-1 M-sodium phosphate buffer, pH 7 . The fixed tissues were embedded in paraffin wax and sections (5 µ ) were stained with Perls' reaction mixture (Pearse, 1972) (Karnovsky, 1971) , washed, dehydrated and embedded in Spurr's medium. Sections (0-5 µ ) were stained with toluidine blue in borate buffer, and thin sections were stained with lead citrate and 5 % aqueous uranyl acetate and examined in a Philips EM-300 electron microscope.
In an attempt to detect exocytosis of ferritin from the epithelial cells at the basement membrane, cells which had been loaded with ferritin by exposure to it for 4-5·^h on Day 5 of pregnancy were studied electron microscopically. Three animals were used.
Histochemistry
The localization of acid phosphatase was studied in 6 rats on Day 5 of pregnancy by the Barka & Anderson (1962) modification of the Gomori method. The animals were killed at 2, 4, 6, 24 or 48 h after the ferritin pulse and the uteri were fixed by a 60-min perfusion with 2-5% glutaraldehyde buffered with veronal-acetate. Segments of both uterine horns were immersed in the fixative for an¬ other hour, then washed in buffer containing 8 % sucrose for 1 h. Washed tissues were incubated for 1 h at 4°C in the reaction medium, which was filtered just before use. To minimize non-specific de¬ posits of lead, the tissue was washed in the pH 5-0 buffer alone before and after the incubation. Some tissues were incubated in complete medium plus 001 M-sodium fluoride to inhibit acid phosphatase. The tissues were then processed for electron microscopy as described above. Penetration of the reagents into the epithelial cells appeared adequate.
Results
Light microscopy Experiment 1. The Perls reaction showed that ferritin was taken up by 1,4, 32,12 and 0-3 There was a moderate deposit of acid phosphatase reaction product in the various epithelial-cell organelles mentioned above, showing that all are lysosomes. In tissues exposed to ferritin and also processed for acid phosphatase, many lysosomes contained both ferritin and enzyme reaction product (Plate 4). Negligible reaction product was present in uterine cells incubated in complete medium plus 10 mM-NaF. Ferritin was never found in the electron-transparent vesicles, 130-450 nm in diameter, which were located in the apical region of the cell and in the region of the Golgi complex. Occasional images were encountered which suggested that these vesicles fused with the surface membrane at the base of the microvilli (Plate 5).
Discussion
The material taken into epithelial cells by endocytosis is channelled into the lysosome system and probably degraded there. The ferritin used as a tracer in the present studies appeared to be digested, because the proportion of cells containing Perls-stained granules decreased from 25 % at 24 h to 5 % at 48 h and the size of the granules also decreased. Digestion of ferritin has also been noted by Farquhar & Palade (1962) . Luminal substances thus degraded could diffuse back into the uterine lumen to be used by the blastocysts, or could pass to the cells underlying the epithelium, thereby providing the uterus with an indirect mechanism for transferring information from the lumen to the stroma. We were unable to find any evidence for direct transepithelial passage of ingested ferritin, although the first authors to study endocytosis by the uterine epithelium described the transfer of intraluminal tracer dyes into the basement membrane (Sartor, 1969) and the underlying stroma (Vokaer & Leroy, 1962 ; Sartor, 1969) . However, in these experiments, tracers such as trypan blue were left in the uterine lumen for long periods, up to 48 h, perhaps giving macrophages an opportunity to enter and leave the uterine lumen with dye.
The function of endocytosis in the preimplantation period remains unknown. In addition to possible functions already suggested (Enders & Nelson, 1973 ; Parr & Parr, 1974; Leroy et al., 1976) , endocytosis may be part of a process that regulates implantation by altering the properties of the epithelial surface membrane. The fate of membrane that is internalized by endocytosis is not yet known (Steinman & Cohn, 1976 ), but it is generally agreed that endocytosis is coupled to exocytosis, or secretion, in a variety of cells (Douglas & Nagasawa, 1971 ; Abrahams & Holtzman, 1973; Orci, Malaisse-Lagae, Ravazzola, Amherdt & Renold, 1973; Kalina & Robinovitch, 1975) . Thus, as old membrane is taken in, new membrane is formed in its place. In the present study we encountered electron microscopic images suggesting the secretion of a class of electron-transparent vesicles by the epithelial cells on Day 5 of pregnancy. The vesicles appear to originate in the Golgi complex, accumu¬ late in the apical part of the cell, and fuse with the surface membrane at the base of the microvilli. The vesicles develop and disappear in conjunction with endocytosis but do not take up ferritin. The re¬ sulting surface membrane changes may be a preliminary event necessary for the initiation of im¬ plantation. This is consistent with the occurrence of endocytosisjust before implantation, particularly on the antimesometrial side of the uterus, which is the site of implantation. (Fig. 6) shows fewer stained granules than the antimesometrial side (Fig. 7) of the same uterus, indicating less endocytotic activity on the mesometrial side. Fig. 8 . In animals killed 1 h after the ferritin pulse, essentially all of the Perls-stained granules were located in the apical half of the epithelial cells. Fig. 9 . By 2 h, ferritin-containing lysosomes were found throughout epithelial cells. Fig. 10 (F) . Non-specific background deposits of lead were generally less prominent than in this figure, and they did not hinder the identification of lysosomes. x49 500. Fig. 15 . The dense body shows acid phosphatase (AP) in vesicles and ferritin (F) in the relatively dense matrix of the granule. x68 800. Fig. 16 . This small multivesicular body type of lysosome shows acid phosphatase (AP) reaction product confined to vesicles and ferritin in the granule matrix. x68 800. Fig. 17 . A large multivesicular body (MVB) shows a mass of packed ferritin (F) in its matrix and acid phosphatase (AP) at the periphery, 52 800.
PLATE 5
Uterine epithelial cells on Day 5 of pregnancy, 64 000. Fig. 18 . The apical region ofan epithelial cell shows microvilli (M) projecting into the uterine lumen (L). The lumen is nearly closed, and it contains some material which has stained lightly. Many vesicles with electron transparent content are present just below the apical surface (AV). Most 
